Searching PAJ - 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 11-330047 
(43)Date of publication of application : 30.11.1999 



(51)lnt.CI. 



H01L 21/3065 
C23F 4/00 



(21) Application number : 10-128367 

(22) Date of filing : 12.05.1998 



(71) Appitcant : SONY CORP 

(72) lnventor : NODA YASUTOSHI 



(54) ETCHING APPARATUS AND METHOD THEREOF 
(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent sediment on the 
surface of focus ring from peeling off during etching and 
to allaining the form accuracy of etching from being 
unattarnable. 

SOLUTION: An etching device, where the wafer loading 
face 3a of a lower electrode 3 is formed at a base and a 1 
focus ring 4 is installed at a periphery side of the lower 
electrode 3, is provided with a cooling means 7 at the 
base of the focus ring 4. In a cooling means 7, a 
refrigerant pipe 7b, circulating a refrigerant along the 
base of the focus ring 4, is installed in a base material 7a 
which is closely arranged along the base of the focus 
ring 4. Thus, etching can be realized while the surface of 
the focus ring 4 is cooled. Thus, a sediment (a) is 

prevented from peeling off from the surface of the focus ring 4 due to the heating of the 
surface of the focus ring 4. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 

MEANS 

[The means for solving a technical problem] The etching system of this invention for solving the above- 
mentioned technical probrem uses the wafer installation side of a lower electrode as a base, and is 
characterized by preparing a cooling means to cool the front face of the concerned focal ring in the 
aforementioned focal ring in the etching system which comes to prepare a focal ring in the side 
periphery of the concerned lower electrode. 

[0010] According to the above-mentioned etching system, the front face of a focal ring is cooled by the 
cooling means prepared in the focal ring. For this reason, even if generation of heat arises around a focal 
ring in the case of etching, where the front face of a focal ring is cooled, etching of the wafer laid on the 
lower electrode is performed. Therefore, the sediment of the resultant [ front face / of a focal ring ] in the 
case of etching comes to seldom exfoliate from the concerned focal ring. 

[001 1] Moreover, the etching technique of this invention is characterized by cooling the front face of the 
aforementioned focal ring in the technique of etching the front face of the concerned wafer, when a side 
periphery supplies a plasma to the front face of the wafer surrounded in the focal ring. 
[0012] According to the above-mentioned etching technique, etching is performed whe e the front face 
of a focal ring is cooled. For this reason, the sediment of a resultant in the front face of a focal ring 
comes to seldom exfoliate from the concerned focal ring in the case of etching. Therefore, etching is 
performed, without dropping the sediment of a focal ring front face on a wafer. 
[0013] 

[Gestalt of implementation of invention] Hereafter, the gestalt of the enforcement which applied the 
etching system and the etching technique of this invention is explained based on a drawing. Drawing 1 is 
is the important section block diagram showing the 1 enforcement gestalt of the etching system of this 
invention, and explains the gestalt of enforcement of an etching system first using this drawing. In 
addition, it is explained that the Prior art explained to the same component by attaching the same sign 
[0014] The etching system shown in this drawing is an parallel monotonous type etching system, and is 
also having a reaction chamber 1, the up electrode 2 and the lower electrode 3 prepared in the status 
countering mutually in this reaction chamber 1, and the focal ring 4 prepared in the side periphery of the 
lower electrode 3. 

[001 5] The gas introduction spool 6 for introducing process gas in the concerned reaction chamber 1 is 
connected to the top of a reaction chamber 1 . Moreover, the exhaust pipe 7 for exhausting the gas in a 
reaction chamber 1 is connected to the inferior surface of tongue of a reaction chamber 1 . And it 
connects with the load lock chamber which omitted illustration here, and wafer W contains a reaction 
chamber 1, securing a vacua from this load lock chamber in a reaction chamber 1 . Moreover, the 
********** room which makes two or more other reaction chambers and wafers stand by besides this 
reaction chamber 1 may be connected to the above-mentioned load lock chamber, and it may be 
collectively constituted as a multi chamber. 

[0016] And the above-mentioned up electrode 2 is formed in the upper part of a reaction chamber I, and 
is connected to RF-generator 2a used as the source of plasma excitation Furthermore, the above- 
mentioned lower electrode 3 is constituted as a **** chuck by which it is prepared in the reaction 
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chamber 1 in the status counter with the up electrode 2, for example, the refrigerant introduction way 
was inner-**ed. ^ \-)rt^A<A 

[0017] Moreover, the above-mentioned focal ring 4 is in the status which uses wafer installation 3a in 
the lower electrode 3 as a base, and constitutes the side peripheral wall, and is prepared in the upper part 
side periphery of the concerned lower electrode 3. And the cooling means 7 which is a component 
characteristic of this invention is formed in the base of this focal ring 4 of this. About refrigerant spool 
7b which circulates a refrigerant along the base of the focal ring 4 in base-material 7a which consists of 
a thermally conductive good material which was prepared along the inferior surf ace of tongue of the 
focal ring 4, is stuck on the inferior surface of tongue of the focal ring 4, and was prepared, inner, it **s 
and this cooling means 7 becomes. This refrigerant spool 7b is prepared individually [ the refrigerant 
introduction way of the lower electrode 3 ]. Moreover, the cooling means 7 is equipped with the 
temperature-control function (illustration ellipsis) for controlling the skin temperature of the focal ring 4, 
and suppose that it is constituted independently possible [ a control ] to the skin temperature of the focal 
ring 4 independently [ the up electrode 2, the lower electrode 3, the reaction chamber 1, etc. ]. 
[0018] By the etching system of the above-mentioned configuration, the plasma of process gas occurs in 
a reaction chamber 1 by changing the inside of a reaction chamber 1 into the predetermined reduced 
pressure status, introducing process gas from the gas introduction spool 6, and impressing a RF to the up 
electrode 2 from RF-generator 2a by the exhaust air from an exhaust pipe 7. In this case, with the focal 
ring 4 prepared in the side periphery of the lower electrode 3, a plasma is equally supplied to wafer W 
laid on the lower electrode 3, and it is etched by this plasma in the front face of wafer W. And since the 
front face of the focal ring 4 is cooled by the cooling means 7 especially prepared in the inferior surface 
of tongue of the focal ring 4, in case it is etching, it is suppressed by the direct heat received from 
plasma P, and the radiant heat from the up electrode 2 and reaction chamber 1 side attachment wall by it, 
that the skin temperature of the focal ring 4 rises. For this reason, even if the resultant by etching 
accumulates on focal ring 4 front face and sediment a is formed, this sediment a comes to seldom 
separate from focal ring 4 front face. Therefore, this sediment a does not fall on wafer W in the case of 
etching' 

[0019] Drawing 2 is cross-section process drawing for explaining the gestatt of the enforcement which 
applied the etching technique of this invention to the formation technique of the plug which consists of a 
tungsten. Above-mentioned drawing 1 is used for below with this drawing 2 , and the formation 
technique of the plug which consists of a tungsten using the above-mentioned etching system is 
explained. 

[0020] First, as shown in drawing 2(1), the lower layer wiring 22 which becomes the upper part of a 
substrate 21 from contest polysilicon is formed. Formation of this lower layer wiring 22 is performed by 
carrying out patterning of the polysilicon contest layer formed by the CVD (Chemical Vapor Depositin) 
method. Next, the layer insulation layer 1 1 is formed for the lower layer wiring 22 on a substrate 21 in 
the state of a wrap. Suppose that it consists of BPSG layer or PSG layer formed by CVD to this layer 
insulation layer 1 1 . Then, the through hole 12 which reaches the lower layer wiring 22 is formed in this 
layer insulation layer 1 1 by carrying out patterning of the layer insulation layer 1 1. 
[0021] Subsequently, as shown in drawing 2 (2), the adhesion layer 13 which consists the wall of a 
through hole 12 of titanium on the layer insulation layer 1 1 in the state of a wrap is formed in a spatter. 
Then, the tungsten layer (it is hereafter described as a tungsten layer) 14 is formed on the adhesion layer 
13 by the thickness exceeding the depth of a through hole 12. By this, the inside of a through hole 12 is 
completely embedded by the tungsten layer 14. 

[0022] As shown in drawing 2 (3) after more than, etchback of the tungsten layer 14 and the adhesion 
layer 13 is carried out from the front-face side, and the tungsten layer 14 and the adhesion layer 13 on 
the layer insulation layer 1 1 are removed so that it may leave the tungsten layer 14 and the adhesion 
layer 1 3 only to the interior of a through hole 1 2. 

[0023] In this case, after laying a substrate 2 1 (namely, wafer W) on installation side 3a of the lower 
electrode 3 and decompressing the inside of a reaction chamber 1 even to a predetermined pressure by 
the exhaust air from an exhaust pipe 7 using the etching system explained using above-mentioned 
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drawing 1 , where process gas is introduced by the predetermined flow rate from the gas introduction 
spool 6, high-frequency voltage is impressed to the up electrode 2 from RF-generator 2a By this, 
plasma P of process gas is generated in a reaction chamber 1, this plasma P is supplied to the front face 
of wafer W surrounded in the focal ring 4, and wafer W is etched from the front-face side by this. 
[0024] In this case, it becomes the characteristic feature of this enforcement gestalt to cool the front face 
of the focal ring 4 by making refrigerant spool 7b in the cooling means 7 of an etching system circulate 
through a refrigerant especially. As cooling conditions of the focal ring 4, it considers as desirable 
temperature lower than the skin temperature of wafer W. As an example of cooling conditions, when it 
controls at temperature =70 degree C of the up electrode 2, temperature =25 degree C of the lower 
electrode 3, and temperature =45 degree C of reaction chamber 1 side attachment wall, it is set as about 
[ of the focal ring 4 / cooling temperature =20 degree C ]. 

[0025] An example of the tungsten layer 14 under the above-mentioned temperature condition and the 
etching conditions of the adhesion layer 13 is shown below. 

- Initial etching conditions of the tungsten layer 14 (the 1st step), Process gas and flow rate ; 6 fluoride 
[ sulfur ] (SF6) -1 lOsccm, Argon (Ar) = 90sccm, Etching ambient-atmosphere internal pressure ; 

37 3Pa, RF (13 56MHz) impression power;600W, Etching time , 35 seconds. 

- Up to the etching conditions (the 2nd step) of the tungsten layer 14, and terminal-point detection. 
Process gas and flow rate ; 6 fluoride [ sulfur ] (SF6) = 80sccm, Argon (Ar) = 40sccm, Etching ambient- 
atmosphere internal pressure , 28.0Pa, RF (13 56MHz) impression power;300W, Etching time ; 

- Over etching conditions of the tungsten layer 14 (the 3rd step), Process gas and flow rate ; 6 fluoride 

[ sulfur ] (SF6) = 80sccm, Argon (Ar) = 40sccm, Etching ambient-atmosphere internal pressure ; 28.0Pa, 
RF (13 56MHz) impression power;300W, Etching time ; 45 seconds. 

- Etching conditions of the adhesion layer 13, Process gas and flow rate ; Chlorine (C12) = 20sccm, 
Nitrogen (N2) =200sccm, Etching ambient-atmosphere internal pressure ; 5 3 Pa, RF (13.56MHz) 
impression power,550W, Etching time ; 75 seconds. 

however, the above-mentioned seem -- standard cubic centimeter/minutes it is -- it considers as things 
[0026] Plug 14a which consists of a tungsten through the adhesion layer 13 is formed in this through 
hole 12 by leaving the adhesion layer 13 and the tungsten layer 14 only in a through hole 12 as 
mentioned above. 

[0027] Then, as shown in drawing 3 , the aluminum layer 15 is formed for plug 14a in the state of a 
wrap on the layer insulation layer 1 1 by the spatter, patterning of this aluminum layer 15 is carried out, 
and upper wiring 15a which consists of aluminum is formed. The semiconductor device which comes to 
form upper wiring 15a connected to plug 14a by this on the layer insulation layer 1 1 is completed. 
[0028] By the above-mentioned technique, where the front face of the focal ring 4 is cooled, etchback of 
the tungsten layer 14 is performed, and in case it is this etchback, it is suppressed by the direct heat 
received from plasma P, and the radiant heat from the up electrode 2 and reaction chamber 1 side 
attachment wall that the skin temperature of the focal ring 4 rises. For this reason, it becomes possible to 
make to exfoliate sediment a of the resultant in the front face of the focal ring 4 from the concerned 
focal ring 4. Therefore, in the case of the above-mentioned etchback, on wafer W, sediment a separates 
and does not fall, and this sediment a remains on the layer insulation layer 1 1 , or producing the etching 
remainder which used this sediment a as the mask is prevented. Consequently, it enables it to prevent 
that between upper wiring 15a formed on the layer insulation layer 1 1 short-circuits by sediment a or the 
above-mentioned etching remainder, and to aim at enhancement in the yield of a semiconductor device. 
[0029] In the above-mentioned enforcement gestalt, the etching system of a configuration of having 
formed the cooling means 7 in the inferior surface of tongue of the focal ring 4 was illustrated However, 
as a cooling means 7, you may be the configuration of having inner-**ed the refrigerant spool to the 
focal ring 4 moreover, the thing of the parallel monotonous type explained with this enforcement gestalt 
when it was the etching system 4 which the etching system of this invention uses wafer installation side 
3a of the lower electrode 3 as a base, and has the focal ring 4 in the side periphery -- limited **** ~ 
things can be applied to the etching system of the others which there are not, for example, make a 
magnetron, efficient consumer response, inductive discharge, or a helicon wave the source of a plasma, 
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and can acquire the same effect 

[0030] Moreover, in the above-mentioned enforcement gestalt, the etching technique at the time of using 
the above-mentioned etching system for the etchback of the tungsten layer in formation of a tungsten 
plug was explained. However, the etching technique of this invention is not limited to this, and the thing 
in patterning for wiring formation or through hole formation etc. for which it is applied also to etching in 
addition to this, and the same effect is acquired is possible for it. 

[Translation done ] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows m e word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[An easy explanation of a drawing] 

[ Drawing 1 ] It is the important section block diagram showing the 1 enforcement gestalt of the etching 
system of this invention. 

[ Drawing 2 ] It is cross-section process drawing for explaining the enforcement gestalt which applied 
the etching technique of this invention to the formation technique of the plug which consists of a 
tungsten. 

[ Drawing 3 ] It is the cross section of the semiconductor device formed with the application of the 
etching technique of this invention. 

f Drawing 4 ] It is the important section block diagram showing an example of the conventional etching 
system. 

[ Drawing 5 ] It is a cross section for explaining the conventional technical probrem. 
[An explanation of a sign] 

3 [ - A focal ring, 7 / - A cooling means, P / -- A plasma, W / Wafer ] -- A lower electrode, 3a - A 
wafer installation side, 4 



[Translation done ] 
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DRAWINGS 



[ Drawing 1 ] 
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[ Drawing 2 ] 
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[ Drawing 4 ] 
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[ Drawing 5 1 
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DETAILED DESCRIPTION 

[Detailed description] 
[0001] 

[The technical field to which invention belongs] this invention relates to the etching system which 
comes to prepare a focal ring in the side periphery of the lower electrode which lays especially a ** 
wafer, and the etching technique using this etching system about the etching system and the etching 
technique which are used in the manufacturing process of a semiconductor device. 
[0002] 

[Prior art] The important section block diagram of the etching system used by the manufacturing process 
of a semiconductor device was shown in drawing 4 . The etching system shown in this drawing is also 
having a reaction chamber 1, the up electrode 2 and the lower electrode 3 prepared in the status 
countering mutually, in this reaction chamber I, and the focal ring 4 which uses wafer installation side 
3a in the lower electrode 3 as a base, and was prepared in the side periphery. 
[0003] In etching the front face of a wafer using this etching system, first, wafer W is laid on wafer 
installation side 3a of the lower electrode 3, aad it surrounds the side periphery of wafer W in a focal 
ring. Then, where process gas is introduced in a reaction chamber 1, a RF is impressed to the up 
electrode 2, by this, plasma P of process gas is generated in a reaction chamber 1, and plasma P is 
supplied to a wafer W front face. And the front face of the concerned wafer W is etched by this plasma 
P. In this case, plasma P is equally supplied to the wafer W front face laid on the lower electrode 3 by 
the focal ring 4 being formed in the status surround the side periphery of wafer W, and the homogeneity 
within a wafer side in etching is acquired. 
[0004] 

[Object of the Invention] However, the following technical probrems occur in the above-mentioned 
etching system and etching using this. That is, as shown in drawing 4 , since the focal ring was prepared 
in the side periphery of the lower electrode 3, the resultant by etching adheres to the front face of this 
focal ring 4, and sediment a by the above-mentioned resultant comes to be constituted from an etching 
system of the above-mentioned configuration by the front face of the focal ring 4 by piling up the 
processing number of sheets of wafer W. However, in the case of etching, the skin temperature of the 
focal ring 4 rises by the direct heat received from plasma P, and the radiant heat from the up electrode 2 
and reaction chamber 1 side attachment wall. For this reason, the above-mentioned sediment a becomes 
easy to separate from the front face of the focal ring 4, and sediment a may fall on the front face of 
wafer W in the middle of etching. In such a case, this sediment a becomes the mask of etching and the 
etching remainder arises on the front face of wafer W. 

[0005] progress of the micro-processing technique accompanied by a demand of high integration of 
recent years and a semiconductor device and highly-efficient-izing -- detailed-izing of the path of 
through holes, such as a dimension of a wiring, and a contact hole, — progressing - the inside of the 
above-mentioned through hole -- a tungsten -- like -- more — low ~ the plug using the conductive 
material [ **** ] has come to form And after forming the tungsten layer 14 through the adhesion layer 
13 first in the status embed the inside of the through hole 12 formed in the layer insulation layer 1 1 as 
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shown in drawing 5 ( 1) in forming this plug using the above-mentioned etching system, etchback of the 
adhesion layer 13 and the tungsten layer 14 is carried out using the above-mentioned etching system. 
And as shown in drawing 5 (2), only in a through hole 12, it leaves the tungsten layer 14 and this is 
formed as plug 14a. 

[0006] However, this sediment becomes the mask of etching when sediment a separated and falls to the 
front face of wafer W in the middle of the etchback of the tungsten layer which was with the above- 
mentioned etching system as mentioned above Consequently, the etching remaining b of a tungsten 
layer arises on the layer insulation layer 1 I after an etchback end And when the upper wiring 
(illustration ellipsis) is formed on the layer insulation layer 1 1 at a next process, the etching remaining b 
will remain between this upper wiring. This etching remaining b makes between the upper wirings short- 
circuit, and becomes the factor which reduces the yield of a semiconductor device. This is the same even 
when the sediment a itself remains on the layer insulation layer 1 1, and it becomes the factor in which 
this sediment a makes between the above-mentioned upper wirings short-circuit. 
[0007] Moreover, even if it was except formation of the above-mentioned plug, when the above- 
mentioned sediment a drops out on a wafer in etching at the time of carrying out patterning of the 
wiring, for example, this sediment a becomes the factor which makes between wirings short-circuit. 
[0008] Then, this invention aims at offering the etching system and the etching technique of preventing 
that the sediment of the resultant by etching separates in the shape of a wafer, and falls from a focal ring 

[0009] 

[The means for solving a technical problem] The etching system of this invention for solving the above- 
mentioned technical probrem uses the wafer installation side of a lower electrode as a base, and is 
characterized by preparing a cooling means to cool the front face of the concerned focal ring in the 
aforementioned focal ring in the etching system which comes to prepare a focal ring in the side 
periphery of the concerned lower electrode. 

[0010] According to the above-mentioned etching system, the front face of a focal ring is cooled by the 
cooling means prepared in the focal ring. For this reason, even if generation of heat arises around a focal 
ring in the case of etching, where the front face of a focal ring is cooled, etching of the wafer laid on the 
lower electrode is performed. Therefore, the sediment of the resultant [ front face / of a focal ring ] in the 
case of etching comes to seldom exfoliate from the concerned focal ring. 

[001 1] Moreover, the etching technique of this invention is characterized by cooling the front face of the 
aforementioned focal ring in the technique of etching the front face of the concerned wafer, when a side 
periphery supplies a plasma to the front face of the wafer surrounded in the focal ring 
[0012] According to the above-mentioned etching technique, etching is performed where the front face 
of a focal ring is cooled. For this reason, the sediment of a resultant in the front face of a focal ring 
comes to seldom exfoliate from the concerned focal ring in the case of etching Therefore, etching is 
performed, without dropping the sediment of a focal ring front face on a wafer. 
[0013] 

[Gestalt of implementation of invention] Hereafter, the gestalt of the enforcement which applied the 
etching system and the etching technique of this invention is explained based on a drawing. Drawing 1 is 
is the important section block diagram showing the t enforcement gestalt of the etching system of this 
invention, and explains the gestalt of enforcement of an etching system first using this drawing. In 
addition, it is explained that the Prior art explained to the same component by attaching the same sign. 
[0014] The etching system shown in this drawing is an parallel monotonous type etching system, and is 
also having a reaction chamber 1, the up electrode 2 and the lower electrode 3 prepared in the status 
countering mutually in this reaction chamber 1, and the focal ring 4 prepared in the side periphery of the 
lower electrode 3. 

[0015] The gas introduction spool 6 for introducing process gas in the concerned reaction chamber 1 is 
connected to the top of a reaction chamber 1 . Moreover, the exhaust pipe 7 for exhausting the gas in a 
reaction chamber 1 is connected to the inferior surface of tongue of a reaction chamber 1 . And it 
connects with the load lock chamber which omitted illustration here, and wafer W contains a reaction 
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chamber 1, securing a vacua from this load lock chamber in a reaction chamber 1 . Moreover, the 
********** room which makes two or more other reaction chambers and wafers stand by besides this 
reaction chamber 1 may be connected to the above-mentioned load lock chamber, and it may be 
collectively constituted as a multi chamber. 

[0016] And the above-mentioned up electrode 2 is formed in the upper part of a reaction chamber 1, and 
is connected to RF-generator 2a used as the source of plasma excitation. Furthermore, the above- 
mentioned lower electrode 3 is constituted as a **** chuck by which it is prepared in the reaction 
chamber 1 in the status counter with the up electrode 2, for example, the refrigerant introduction way 
was inner-**ed. 

[0017] Moreover, the above-mentioned focal ring 4 is in the status which uses wafer installation 3a in 
the lower electrode 3 as a base, and constitutes the side peripheral wall, and is prepared in the upper part 
side periphery of the concerned lower electrode 3. And the cooling means 7 which is a component 
characteristic of this invention is formed in the base of this focal ring 4 of this. About refrigerant spool 
7b which circulates a refrigerant along the base of the focal ring 4 in base-material 7a which consists of 
a thermally conductive good material which was prepared along the inferior surface of tongue of the 
focal ring 4, is stuck on the inferior surface of tongue of the focal ring 4, and was prepared, inner, it **s 
and this cooling means 7 becomes. This refrigerant spool 7b is prepared individually [ the refrigerant 
introduction way of the lower electrode 3 ]. Moreover, the cooling means 7 is equipped with the 
temperature-control function (illustration ellipsis) for controlling the skin temperature of the focal ring 4, 
and suppose that it is constituted independently possible [ a control ] to the skin temperature of the focal 
ring 4 independently [ the up electrode 2, the lower electrode 3, the reaction chamber I, etc. ]. 
[0018] By the etching system of the above-mentioned configuration, the plasma of process gas occurs in 
a reaction chamber 1 by changing the inside of a reaction chamber 1 into the predetermined reduced 
pressure status, introducing process gas from the gas introduction spool 6, and impressing a RF to the up 
electrode 2 from RF-generator 2a by the exhaust air from an exhaust pipe 7. In this case, with the focal 
ring 4 prepared in the side periphery of the lower electrode 3, a plasma is equally supplied to wafer W 
laid on the lower electrode 3, and it is etched by this plasma in the front face of wafer W. And since the 
front face of the focal ring 4 is cooled by the cooling means 7 especially prepared in the inferior surface 
of tongue of the focal ring 4, in case it is etching, it is suppressed by the direct heat received from 
plasma P, and the radiant heat from the up electrode 2 and reaction chamber 1 side attachment wall by it, 
that the skin temperature of the focal ring 4 rises. For this reason, even if the resultant by etching 
accumulates on focal ring 4 front face and sediment a is formed, this sediment a comes to seldom 
separate from focal ring 4 front face. Therefore, this sediment a does not fall on wafer W in the case of 
etching. 

[0019] Drawing 2 is cross-section process drawing for explaining the gestalt of the enforcement which 
applied the etching technique of this invention to the formation technique of the plug which consists of a 
tungsten. Above-mentioned drawing 1 is used for below with this drawing 2 , and the formation 
technique of the plug which consists of a tungsten using the above-mentioned etching system is 
explained. 

[0020] First, as shown in drawing 2(1), the lower layer wiring 22 which becomes the upper part of a 
substrate 21 from contest poly silicon is formed. Formation of this lower layer wiring 22 is performed by 
carrying out patterning of the polysilicon contest layer formed by the CVD (Chemical Vapor Depositin) 
method. Next, the layer insulation layer 1 1 is formed for the lower layer wiring 22 on a substrate 2 1 in 
the state of a wrap. Suppose that it consists of BPSG layer or PSG layer formed by CVD to this layer 
insulation layer 1 1 . Then, the through hole 1 2 which reaches the lower layer wiring 22 is formed in this 
layer insulation layer 1 1 by carrying out patterning of the layer insulation layer 1 1 
[0021] Subsequently, as shown in drawing 2 (2), the adhesion layer 13 which consists the wall of a 
through hole 12 of titanium on the layer insulation layer 1 1 in the state of a wrap is formed in a spatter 
Then, the tungsten layer (it is hereafter described as a tungsten layer) 14 is formed on the adhesion layer 
13 by the thickness exceeding the depth of a through hole 12 By this, the inside of a through hole 12 is 
completely embedded by the tungsten layer 14 
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[0022 J As shown in drawing 2 (3) after more than, etchback of the tungsten layer 14 and the adhesion 
layer 1 3 is carried out from the front-face side, and the tungsten layer 14 and the adhesion layer 13 on 
the layer insulation layer 1 1 are removed so that it may leave the tungsten layer 14 and the adhesion 
layer 13 only to the interior of a through hole 12. 

[0023] In this case, after laying a substrate 21 (namely, wafer W) on installation side 3a of the lower 
electrode 3 and decompressing the inside of a reaction chamber 1 even to a predetermined pressure by 
the exhaust air from an exhaust pipe 7 using the etching system explained using above-mentioned 
drawing 1 , where process gas is introduced by the predetermined flow rate from the gas introduction 
spool 6, high-frequency voltage is impressed to the up electrode 2 from RF-generator 2a. By this, 
plasma P of process gas is generated in a reaction chamber 1, this plasma P is supplied to the front face 
of wafer W surrounded in the focal ring 4, and wafer W is etched from the front-face side by this. 
[0024] In this case, it becomes the characteristic feature of this enforcement gestalt to cool the front face 
of the focal ring 4 by making refrigerant spool 7b in the cooling means 7 of an etching system circulate 
through a refrigerant especially. As cooling conditions of the focal ring 4, it considers as desirable 
temperature lower than the skin temperature of wafer W As an example of cooling conditions, when it 
controls at temperature =70 degree C of the up electrode 2, temperature =25 degree C of the lower 
electrode 3, and temperature =45 degree C of reaction chamber 1 side attachment wall, it is set as about 
[ of the focal ring 4 / cooling temperature =20 degree C ]. 

[0025] An example of the tungsten layer 14 under the above-mentioned temperature condition and the 
etching conditions of the adhesion layer 13 is shown below. 

- Initial etching conditions of the tungsten layer 14 (the 1st step), Process gas and flow rate ; 6 fluoride 
[ sulfur ] (SF6) =1 lOsccm, Argon (Ar) = 90sccm, Etching ambient-atmosphere internal pressure ; 
37.3 Pa, RF (13.56MHz) impression power;600W, Etching time ; 35 seconds. 

- Up to the etching conditions (the 2nd step) of the tungsten layer 14, and terminal-point detection. 
Process gas and flow rate ; 6 fluoride [ sulfur ] (SF6) = 80sccm, Argon (Ar) = 40sccm, Etching ambient- 
atmosphere internal pressure ; 28.0Pa, RF (13.56MHz) impression power;300W, Etching time ; 

- Over etching conditions of the tungsten layer 14 (the 3rd step), Process gas and flow rate ; 6 fluoride 

[ sulfur ] (SF6) = 80sccm, Argon (Ar) = 40sccm, Etching ambient-atmosphere internal pressure ; 28.0Pa, 
RF (13 .56MHz) impression power;300W, Etching time ; 45 seconds. 

- Etching conditions of the adhesion layer 13, Process gas and flow rate ; Chlorine (CI2) = 20sccm, 
Nitrogen (N2) =200sccm, Etching ambient-atmosphere internal pressure ; 5.3Pa, RF (13.56MHz) 
impression power,550W, Etching time ; 75 seconds. 

however, the above-mentioned seem -- standard cubic centimeter/minutes it is -- it considers as things 
[0026] Plug 14a which consists of a tungsten through the adhesion layer 13 is formed in this through 
hole 12 by leaving the adhesion layer 13 and the tungsten layer 14 only in a through hole 12 as 
mentioned above. 

[0027] Then, as shown in drawing 3 , the aluminum layer 1 5 is formed for plug 14a in the state of a 
wrap on the layer insulation layer 1 1 by the spatter, patterning of this aluminum layer 1 5 is carried out, 
and upper wiring 1 5a which consists of aluminum is formed. The semiconductor device which comes to 
form upper wiring 15a connected to plug 14a by this on the layer insulation layer 1 1 is completed. 
[0028] By the above-mentioned technique, where the front face of the focal ring 4 is cooled, etchback of 
the tungsten layer 14 is performed, and in case it is this etchback, it is suppressed by the direct heat 
received from plasma P, and the radiant heat from the up electrode 2 and reaction chamber 1 side 
attachment wall that the skin temperature of the focal ring 4 rises. For this reason, it becomes possible to 
make to exfoliate sediment a of the resultant in the front face of the focal ring 4 from the concerned 
focal ring 4. Therefore, in the case of the above-mentioned etchback, on wafer W, sediment a separates 
and does not fall, and this sediment a remains on the layer insulation layer 1 1 , or producing the etching 
remainder which used this sediment a as the mask is prevented Consequently, it enables it to prevent 
that between upper wiring I 5a formed on the layer insulation layer I 1 short-circuits by sediment a or the 
above-mentioned etching remainder, and to aim at enhancement in the yield of a semiconductor device 
[0029] In the above-mentioned enforcement gestalt, the etching system of a configuration of having 
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formed the cooling means 7 in the inferior surface of tongue of the focal ring 4 was illustrated. However, 
as a cooling means 7, you may be the configuration of having inner-* *ed the refrigerant spool to the 
focal ring 4 moreover, the thing of the parallel monotonous type explained with this enforcement gestalt 
when it was the etching system 4 which the etching system of this invention uses wafer installation side 
3a of the lower electrode 3 as a base, and has the focal ring 4 in the side periphery -- limited **** - 
things can be applied to the etching system of the others which there are not, for example, make a 
magnetron, efficient consumer response, inductive discharge, or a helicon wave the source of a plasma, 
and can acquire the same effect 

[0030] Moreover, in the above-mentioned enforcement gestalt, the etching technique at the time of using 
the above-mentioned etching system for the etchback of the tungsten layer in formation of a tungsten 
plug was explained. However, the etching technique of this invention is not limited to this, and the thing 
in patterning for wiring formation or through hole formation etc. for which it is applied also to etching in 
addition to this, and the same effect is acquired is possible for it. 
[0031] 

[Effect of the invention] Since etching of the wafer laid on the lower electrode where the front face of a 
focal ring is cooled can be performed according to the etching system of this invention as explained 
above, in case it is etching, it can prevent that a focal ring is heated, and a surface sediment separates 
and falls on a wafer. Therefore, it enables the precision of a configuration to perform good etching. 
Moreover, according to the etching technique of this invention, it is enabled to perform etching, without 
making the sediment of a resultant in the front face of a focal ring exfoliate from the concerned focal 
ring by performing etching, cooling the front face of a focal ring. Therefore, fall of the sediment to a 
wafer top can be prevented and it is enabled to perform etching with a good precision of a configuration. 



[Translation done ] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

3 In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] The etching system which uses the wafer installation side of a lower electrode as a base, and is 
characterized by preparing a cooling means to cool the front face of the concerned focal ring in the 
aforementioned focal ring in the etching system which comes to prepare a focal ring in the side 
periphery of the concerned lower electrode. 

[Claim 2] The etching technique characterized by cooling the front face of the aforementioned focal ring 
in the technique of etching the front face of the concerned wafer when a side periphery supplies a 
plasma to the front face of the wafer surrounded in the focal ring. 

[Claim 3] The etching technique characterized by cooling the front face of the aforementioned focal ring 
even to temperature lower than the front face of the aforementioned wafer in the etching technique of 
claim 2 publication. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the etching system which 
comes to prepare a focal ring in the side periphery of the lower electrode which lays especially a ** 
wafer, and the etching technique using this etching system about the etching system and the etching 
technique which are used in the manufacturing process of a semiconductor device. 



[Translation done ] 
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PRIOR ART 

[Prior art] The important section block diagram of the etching system used by the manufacturing process 
of a semiconductor device was shown in drawing 4 . The etching system shown in this drawing is also 
having a reaction chamber 1, the up electrode 2 and the lower electrode 3 prepared in the status 
countering mutually, in this reaction chamber 1, and the focal ring 4 which uses wafer installation side 
3a in the lower electrode 3 as a base, and was prepared in the side periphery. 
[0003] In etching the front face of a wafer using this etching system, first, wafer W is laid on wafer 
installation side 3a of the lower electrode 3, and it surrounds the side periphery of wafer W in a focal 
ring. Then, where process gas is introduced in a reaction chamber 1, a RF is impressed to the up 
electrode 2, by this, plasma P of process gas is generated in a reaction chamber 1, and plasma P is 
supplied to a wafer W front face. And the front face of the concerned wafer W is etched by this plasma 
P. In this case, plasma P is equally supplied to the wafer W front face laid on the lower electrode 3 by 
the focal ring 4 being formed in the status surround the side periphery of wafer W, and the homogeneity 
within a wafer side in etching is acquired. 
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EFFECT OF THE INVENTION 

[Effect of the invention] Since etching of the wafer laid on the lower electrode where the front face of a 
focal ring is cooled can be performed according to the etching system of this invention as explained 
above, in case it is etching, it can prevent that a focal ring is heated, and a surface sediment separates 
and falls on a wafer Therefore, it enables the precision of a configuration to perform good etching. 
Moreover, according to the etching technique of this invention, it is enabled to perform etching, without 
making the sediment of a resultant in the front face of a focal ring exfoliate from the concerned focal 
ring by performing etching, cooling the front face of a focal ring. Therefore, fall of the sediment to a 
wafer top can be prevented and it is enabled to perform etching with a good precision of a configuration. 
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TECHNICAL PROBLEM 

[Object of the Invention] However, the following technical probrems occur in the above-mentioned 
etching system and etching using this. That is, as shown in drawing 4 , since the focal ring was prepared 
in the side periphery of the lower electrode 3, the resultant by etching adheres to the front face of this 
focal ring 4, and sediment a by the above-mentioned resultant comes to be constituted from an etching 
system of the above-mentioned configuration by the front face of the focal ring 4 by piling up the 
processing number of sheets of wafer W. However, in the case of etching, the skin temperature of the 
focal ring 4 rises by the direct heat received from plasma P, and the radiant heat from the up electrode 2 
and reaction chamber 1 side attachment wall. For this reason, the above-mentioned sediment a becomes 
easy to separate from the front face of the focal ring 4, and sediment a may fall on the front face of 
wafer W in the middle of etching. In such a case, this sediment a becomes the mask of etching and the 
etching remainder arises on the front face of wafer W. 

[0005] progress of the micro-processing technique accompanied by a demand of high integration of 
recent years and a semiconductor device and highly-efficient-izing — detail ed-izing of the path of 
through holes, such a: a dimension of a wiring, and a contact hole, - progressing -- the inside of the 
above-mentioned through hole — a tungsten — like — more — low -- the plug using the conductive 
material [ **** ] has come to form And after forming the tungsten layer 14 through the adhesion layer 
1 3 first in the status embed the inside of the through hole 12 formed in the layer insulation layer 1 1 as 
shown in drawing 5 (1 ) in forming this plug using the above-mentioned etching system, etchback of the 
adhesion layer 13 and the tungsten layer 14 is carried out using the above-mentioned etching system 
And as shown in drawing 5 (2), only in a through hole 12, it leaves the tungsten layer 14 and this is 
formed as plug 14a. 

[0006] However, this sediment becomes the mask of etching when sediment a separated and falls to the 
front face of wafer W in the middle of the etchback of the tungsten layer which was with the above- 
mentioned etching system as mentioned above Consequently, the etching remaining b of a tungsten 
layer arises on the layer insulation layer 1 1 after an etchback end. And when the upper wiring 
(illustration ellipsis) is formed on the layer insulation layer 1 1 at a next process, the etching remaining b 
will remain between this upper wiring. This etching remaining b makes between the upper wirings short- 
circuit, and becomes the factor which reduces the yield of a semiconductor device. This is the same even 
when the sediment a itself remains on the layer insulation layer 1 1, and it becomes the factor in which 
this sediment a makes between the above-mentioned upper wirings short-circuit. 
[0007] Moreover, even if it was except formation of the above-mentioned plug, when the above- 
mentioned sediment a drops out on a wafer in etching at the time of carrying out patterning of the 
wiring, for example, this sediment a becomes the factor which makes between wirings short-circuit. 
[0008] Then, this invention aims at offering the etching system and the etching technique of preventing 
that the sediment of the resultant by etching separates in the shape of a wafer, and falls from a focal ring 
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Les T'£>&<rt £->T«fSJ*&f*j&l Hm/UaS-jl'jWr 

[0026] feUi^J^fcLT. X^-;JwH2W~ :~*7^J8& 1 5 £j#l£U ^T/P5^il5^ 

w^JBi 3&ir9y^XT-ymi4^m'z\ti,zx w~~y?L* r/PS-- PJBffi&i 5^ 



( 5 ) 

7 

[0028] Il&JJ&XU. -7 #X 'J >'?4 0)im 
£ <$M I L *:#!BT* ? >- ? .X r > j& 1 4 CO x >y -7 v \ -y ^ # 
? . C tfOX »/ -/v * -y ? COBS t ti r 7 XV J > ^ £,#lt 

hmJx ^cDUHz^x/nW [ -lzfflBmatf%\ 10 

as&qSo^O. £<9fclW*^£vx?£Lfcx.y-f-:^ 

1 l ii«L^ hJBK&l 5affl#ltfl!flja^>idX 

[0 0 2 9] t&'MM&miz&^xit. 7*-*xyy 

fc. *3M05x.y^y^g«A. FStM^w^xyNtt 
M3 a^jgffifc LXZ<7>\MmtZ7*-%XV>7'4$: 

[0 0 3 0] £^ ±mmi&mz&^Tii. 



8 

f£?)3t tfx?) / \" — x >- ^tzji it & ^ ^)ftiix -y y 
[0031 ] 

[ KWcnm% ] ti 1 - jaw l * ,t -) iz*m&>x- -v ^ >- ^ 

WT'Z h tzbb , X >y ^ V^fgU;: ^YjVJU 

i?nr itfldtoJtspft^^xyNj ^j^yu^^>^ z t £ 

K3-t*~f fcx -y ^v^S-ff -3 <t fc j&fiTflgtr^* . Lfc** 

or. ^xy\±/v^m^^r^^±r-^. j#K*>«f 

[OT^fSm^:^] 

[Hi ] ^^tfOx.yf-v^gto— M0I!5J#R£>K«S 
[02] *»x 7 fyy / M : ^^>'nf^f ; )^ 

[04] ^^cox^fy^l^J^t^W 

3"-F^ffi. 3a-»>xy^ffi, 4--^^-^X>; 



[[5<I1 ] 



P 




[1*12] Cl*m 



J2. 15,150 





( 7 ) WBHr- 1 1 - ^ U 04 7 
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